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AM  MI ANALYSIS OF NI  TRO  GEN HAR  VEST INDEX
IN BREAD WHEAT
AB  STRACT: Ni  tro  gen har  vest index — NHI is a me  a  su  re of ef  fi  ci  ency of ni  tro  gen
tran slo ca tion  from  ve ge ta ti ve  or gans  to  grain.  The  goal  of  this  pa per  is  to  in ve sti ga te  va ri a -
bi  lity and sta  bi  lity of ni  tro  gen har  vest index of twelve bread wheat ge  notypes, on three ni  -
tro  gen le  vels. ANO  VA showed that ni  tro  gen har  vest index was mostly un  der in  flu  en  ce of
the year x ge  notype in  ter  ac  tion, year of in  ve  sti  ga  tion and ge  notype, and in the smal  lest
amo unt  of  the  ni tro gen  ra te.  In cre a sing  do ses  of  ni tro gen  did  not  lead  to  in cre a sed  ni tro gen
har  vest index. AM  MI analysis showed that most ge  notypes dif  fe  red in both the main ef  fect
and in GxE in  ter  ac  tion. The hig  hest sta  bi  lity i.e. the smal  lest in  ter  ac  tion ef  fect, was fo  und
in  va ri e ti es  Axis,  Ilo na,  So na ta  and  Re nan  on  N0  ra te,  and  in  va ri e ti es  Malyska,  Pe tra na,
Axis and Evro  pa 90 on N100  ra te.  Cul ti var  Po be da  with  the  high  ave ra ge  va lu es  for  ni tro gen 
har  vest index, al  so had small in  ter  ac  tion ef  fect, i.e. it pro  ved to be a sta  ble va  ri  ety.
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IN TRO DUC TION
Nu me ro us  stu di es  in di ca te  that  ni tro gen  is  the  key  fac tor  of  yield  and
quality in the wheat. Ni  tro  gen har  vest index (the ra  tio of ni  tro  gen con  tent in
grain and whole plant) is a me  a  su  re of ef  fi  ci  ency of ni  tro  gen tran  slo  ca  tion
from  ve ge ta ti ve  or gans  to  grain  (Au stin et al., 1977, McMul  lan et al.,
1988; Sin  clair, 1998). Ni  tro  gen har  vest index for wheat usu  ally ran  ges
from 0.70 to 0.80 (Cal de ri ni et al., 1995;  Bran co urt-Hum mel,
2003,  An der sson, 2005). Van San  ford and MacKown (1987)
no  ted the extreme va  lu  es of 0.51 to 0.91.  Or tiz-Mo na ste rio et al.
(1997) ha  ve stu  died the ni  tro  gen har  vest index of ge  notypes re  cog  ni  zed bet  -
ween 1950 and 1985 and re  cor  ded a sig  ni  fi  cant in  cre  a  se in the newer va  ri  e  ties.
Sla fer et al. (1990) re  cor  ded si  mi  lar re  sults.
Löffler et al. (1985),  Or tiz-Mo na ste rio et al. (1997), and
An der son (2005) no  ted po  si  ti  ve cor  re  la  ti  ons between NHI and HI, as well
as between NHI and grain yield (Löffler et al., 1985). McKen  dry et
27al. (1995) and McMul  lan et al. (1988) did not find sig  ni  fi  cant cor  re  la  ti  ons 
between NHI and grain yield.
The  goal  of  this  pa per  is  to  in ve sti ga te  va ri a bi lity  and  sta bi lity  of  ni tro gen 
har  vest index of twelve bread wheat ge  notypes, on three ni  tro  gen le  vels.
MA TE RIAL  AND  MET HODS
The 12 bread wheat cul  ti  vars were stu  died in the three-year (2004—05,
2005—06 and 2006—07 growing se  a  sons) fi  eld trial with three ni  tro  gen ra  tes
(0, 75, 100 kg/ha N). Fi  ve cul  ti  vars ori  gi  na  ted from Ser  bia (Evro  pa 90, Ne  ve  -
sinj ka,  Po be da,  Zlat ka,  and  So na ta),  fi ve  from  Slo va kia  (Ilo na,  Malyska,  Van -
da, Pe  tra  na, and Axis), one from Fran  ce (Re  nan), and one from Switzerland
(Ta  ma  ro). The experiment was con  duc  ted at the experimental fi  eld of the In  -
stitu  te of Fi  eld and Ve  ge  ta  ble Crops, No  vi Sad. The sowing ra  te was 600
grains/m2. Plot si  ze was 5 m2. In all three years 45 kg/ha of each N, P and K
be  fo  re plowing were ap  plied. In spring three N le  vels were ap  plied (0, 75, 100 
kg/ha N). Stan  dard agro  no  mic prac  ti  ces were used to ke  ep the plots free of di  -
se a ses.
At ma  tu  rity, ten plants were cut at gro  und le  vel and they re  pre  sen  ted one
sam ple/re pli ca tion  in  the  analysis.  At  ma tu rity,  sam ples  were  se pa ra ted  in to  ve -
ge  ta  ti  ve (le  af + culm + chaff) and re  pro  duc  ti  ve parts (gra  ins). Af  ter drying, all
sam  ples were gro  und in a mill to ge  ne  ra  te 1-mm par  tic  les. The ni  tro  gen con  -
cen tra tion  was  de ter mi ned  by  the  stan dard  Kjel dahl  pro ce du re.  Ni tro gen  har -
vest index was cal  cu  la  ted as the ra  tio of grain ni  tro  gen con  tent over to  tal ni  -
trogen  con tent.  AM MI  (Ad di ti ve  main  ef fects  and  mul ti pli ca ti ve  in ter ac tion)
mo  del was used to analyze the ge  notype x en  vi  ron  ment in  ter  ac  tion (Zo bel
et al., 1988). The analysis was per  for  med in Gen  Stat 9 pro  gram (trial ver  sion).
RE SULTS  AND  DI SCUS SION
ANO  VA showed that ni  tro  gen har  vest index was mostly un  der in  flu  en  ce
of the year x ge  notype in  ter  ac  tion (52.70%), year of in  ve  sti  ga  tion (33.58%)
and ge  notype (10.55%), and in the smal  lest amo  unt of the ni  tro  gen ra  te
(1.56%) (Ta  ble 1) Bal del li et al. (1990) sta  te that they ha  ve not re  cor  ded
a  sig ni fi cant  dif fe ren ce  between  ge notypes,  but  the  dif fe ren ce  between  years
was  sig ni fi cant.
Sig ni fi cant  dif fe ren ces  were  fo und  between  N0 and N75 ra  te, N0 and N100
ra te,  while  the re  were  no  sig ni fi cant  dif fe ren ces  between  N75 and N100 ra  tes
(table 1). In  cre  a  sing do  ses of ni  tro  gen did not lead to in  cre  a  sed ni  tro  gen har  -
vest index; mo  re  o  ver, the ma  jo  rity of ge  notypes had the hig  hest va  lue in the
con  trol, which is in agre  e  ment with the re  sults of Le Go  u  is et al. (2000).
Ðo kiã and  Lo mo viã (1990) sta  tes that the ni  tro  gen har  vest index was
not sig  ni  fi  cantly chan  ged with in  cre  a  sing do  ses of ni  tro  gen up to 120 kg N/ha, 
af  ter which it be  gan to dec  li  ne.
28Tab. 1. — ANO  VA for ni  tro  gen har  vest index
Source of variation DF MS F %
Year  2 0.28  219.63** 33.58
Genotype 11 0.016  12.18** 10.55
Nitrogen rate  2 0.013  10.14**  1.56
Replication  1  0.0004 0.28  0.02
Year ´ Genotype 22 0.04    2.84** 52.70
Year ´ N rate  4  0.0008 0.66  0.19
Genotype ´ N rate 22 0.001 1.08  1.32
Error 151  0.001
Total 216 
Significance of differences between N rates
N rate Differences
N0
N75
N100
 0.019**
 0.026**
N75
N0
N100
–0.019**
0.006 
* p < 0.05; ** p < 0.01
AM  MI analysis was per  for  med for all three ni  tro  gen le  vels, but the prin  -
ci  pal com  po  nent analysis for the N75 ra  te did not show any sig  ni  fi  cant prin  ci  -
pal com  po  nent, so in this pa  per it will be pre  sen  ted only AM  MI analysis for
N0 and N100 le  vels of nu  tri  tion.
AM  MI analysis of va  ri  an  ce for N0 ra  te showed that both ad  di  ti  ve so  ur  ces
of va  ri  a  tion were highly sig  ni  fi  cant, as well as the year x ge  notype in  ter  ac  tion. 
De ta i led  se pa ra tion  of  GE  in ter ac tion  va ri a tion  re ve a led  that  explainable  agro -
no  mic va  ri  a  tion had been car  ried out by the first PC axis in the pro  por  tion of
74%  of  to tal  GE  in ter ac tion  va ri an ce  (ta ble  2).
Tab. 2. — AM  MI analysis of va  ri  an  ce for ni  tro  gen har  vest index in wheat — N0
Source of variation SS % DF MS F
Treatments 0.319 36 0.0089 11.626**
Replications  0.0008  1 0.0008 1.049 
Years 0.221  2 0.111  144.92**  
Genotypes 0.063 11 0.0057  7.477**
GxE 0.035 100     22 0.0016 2.058*
PCA 1 0.026 73.96 12 0.0021  2.791**
Residual 0.009 26.04 10 0.0009 1.179 
Error 0.027 35 0.0008
Total 0.346 71
* p < 0.05; ** p < 0.01
By analyzing the AM  MI1 bi  plot, it was con  clu  ded that most ge  notypes
dif  fe  red in both the main ef  fect and in in  ter  ac  tion. The smal  lest GxE in  ter  -
action ef  fect was ma  ni  fe  sted in the va  ri  ety Axis, which had a low ave  ra  ge
value for ni  tro  gen har  vest index, as well as in va  ri  e  ti  es Ilo  na, So  na  ta, and Re  -
29nan with va  lu  es for the main ef  fect hig  her than ave  ra  ge. Cul  ti  vars Zlat  ko and
Po be da  with  the  hig hest  ave ra ge  va lu es  for  ni tro gen  har vest  index,  al so  had
small in  ter  ac  tion ef  fects, i.e. they pro  ved to be sta  ble va  ri  e  ti  es. The lar  gest in  -
ter ac tion  ef fect  was  re cor ded  in  cul ti vars  Ne ve sinj ka  and  Van da  (Fi gu re  1).
Smal  lest in  ter  ac  tion ef  fect was re  cor  ded in year 2006, which is cha  rac  te  ri  -
zed  by  ave ra ge  va lu es  for  ni tro gen  har vest  index.  A  lar ge  in ter ac tion  ef fect
was re  cor  ded in year 2005, in which the va  ri  e  ti  es had the hig  hest mean va  lu  es
for  ni tro gen  har vest  index.  The  lar gest  in ter ac tion  ef fect  was  ac hi e ved  in  year
2007, which is cha  rac  te  ri  zed by the lowest va  lu  es for the main ef  fect, i.e. for
ni tro gen  har vest  index  (Fi gu re  1).
Cul ti vars  Ta ma ro,  Axis,  Ne ve sinj ka,  Evro pa  90,  Zlat ko,  and  Po be da  were 
in po  si  ti  ve in  ter  ac  tion with the years 2006 and 2005, while the cul  ti  vars Van  -
da,  Malyska,  Ilo na,  So na ta,  Re nan  and  Pe tra na  were  in  po si ti ve  in ter ac tion
with the year 2007 (Fi  gu  re 1).
AM  MI analysis of va  ri  an  ce for N100 ra  te showed that both ad  di  ti  ve so  ur  -
ces of va  ri  a  tion were highly sig  ni  fi  cant, as well as the year x ge  notype in  ter  ac  -
tion.  De ta i led  se pa ra tion  of  GE  in ter ac tion  va ri a tion  re ve a led  that  explainable
agro  no  mic va  ri  a  tion had been car  ried out by the first PC axis in the pro  por  tion 
of  80%  of  to tal  GE  in ter ac tion  va ri an ce  (Ta ble  3).
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Fig. 1. — AM  MI1 bi  plot for ni  tro  gen har  vest index in wheat — N0Tab. 3. — AM  MI analysis of va  ri  an  ce for ni  tro  gen har  vest index in wheat — N100
Source of variation SS % DF MS F
Treatments 0.341 36 0.009  6.840**
Replications  0.0019  1 0.0019 1.374  
Years 0.179  2 0.089  64.64**  
Genotypes 0.085 11 0.0077 5.552**
GxE 0.075 100     22 0.0034 2.477**
PCA 1 0.060 79.66 12 0.0051 3.618**
Residual 0.015 20.34 10 0.0016 1.109  
Error 0.048 35 0.0014
Total 0.389 71
* p < 0.05; ** p < 0.01
By analyzing the bi  plot, it was con  clu  ded that most ge  notypes dif  fe  red in
both the main ef  fect and in in  ter  ac  tion. The hig  hest sta  bi  lity i.e. the smal  lest
ef fect  of  the  in ter ac tion,  was  fo und  in  va ri e ti es  Malyska,  Pe tra na,  Axis  and
Evro  pa 90, whereby the first three va  ri  e  ti  es had a low ave  ra  ge ni  tro  gen har  vest 
index, while Eu  ro  pe 90 had a ni  tro  gen har  vest index gre  a  ter than the ave  ra  ge.
Va ri e ti es  Re nan,  Po be da  and  Van da  al so  showed  the  low  in ter ac tion  ef fect,
with Po  be  da and Re  nan had the hig  hest ave  ra  ge va  lu  es for ni  tro  gen har  vest
index.  The  lar gest  in ter ac tion  ef fect  was  ac hi e ved  by  cul ti var  Zlat ko,  which
had a high ave  ra  ge ni  tro  gen har  vest index, and cul  ti  var Ta  ma  ro, which is the
va ri ety  with  the  lowest  ave ra ge  ni tro gen  har vest  index  (Fi gu re  2).
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Fig. 2. — AM  MI1 bi  plot for ni  tro  gen har  vest index in wheat — N100The year 2007, in which ge  notypes ac  hi  e  ved the lowest ni  tro  gen har  vest
index, is cha  rac  te  ri  zed by the lowest in  ter  ac  tion ef  fect. Year 2006 had high in  -
ter  ac  tion ef  fects, with ave  ra  ge va  lu  es for the main ef  fect, while the year 2005
was  cha rac te ri zed  by  the  lar gest  in ter ac tion  ef fect  and  the  hig hest  va lu es  for
ni tro gen  har vest  index.  Cul ti vars  So na ta,  Ne ve sinj ka,  Zlat ko,  Re nan,  and  Po be -
da were in po  si  ti  ve in  ter  ac  tion with the year 2005, while the va  ri  e  ti  es Ta  ma  ro,
Van  da, Malyska, Pe  tra  na, Axis, Evro  pa 90 and Ilo  na were in po  si  ti  ve in  ter  -
action with the years 2006 and 2007 (Fi  gu  re 2).
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AM MI  ANA LI ZA  ŸE TVE NOG  IN DEK SA  AZO TA
KOD  HLEB NE  PŠE NI CE
Bi qa na  M.  Gor ja no viã,  Ma ri ja  M.  Kra qe viã-Ba la liã
Po qo pri vred ni  fa kul tet,  Trg  D.  Ob ra do vi ãa  8,  21000  No vi  Sad,  Sr bi ja
Re zi me
Ÿe tve ni  in deks  azo ta  je  me ra  efi ka sno sti  tran slo ka ci je  azo ta  iz  ve ge ta -
tiv  nih or  ga  na u zr  no. Ciq ovog ra  da je da se is  pi  ta  ju va  ri  ja  bil  nost i sta  bil  -
nost  ÿe tve nog  in dek sa  azo ta  dva na est  ge no ti po va  hleb ne  pše ni ce,  na  tri  ni voa 
is hra ne  azo tom.  Ana li za  va ri jan se  je  po ka za la  da  je  ÿe tve ni  in deks  azo ta  u  naj -
ve ãoj  me ri  bio  pod  uti ca jem  in ter ak ci je  go di ne  i  ge no ti pa,  go di ne  is pi ti va wa 
i  ge no ti pa,  a  u  naj ma woj  me ri  pri me we ne  do ze  azo ta.  Po ve ãa we  do ze  azo ta  ni je
do ve lo  do  po ve ãa wa  ÿe tve nog  in dek sa  azo ta.  AM MI ana  li  za je po  ka  za  la da su se
ge no ti po vi  raz li ko va li  ka ko  u  glav nom  efek tu  ta ko  i  u  GxE  in ter ak ci ji.  Naj ve -
ãa  sta bil nost  je  za be le ÿe na  kod  sor ti  Axis,  Ilo na,  So na ta i Re nan na N0 do  zi, i
kod sor  ti Malyska,  Pe tra na,  Axis i Evro pa 90 na N100 do  zi. Sor  ta Po be da, sa vi  so  -
kim  pro seå nim  vred no sti ma  za  ÿe tve ni  in deks  azo ta,  ta ko ðe  je  ima la  ma li  efe -
kat  in ter ak ci je,  tj.  po ka za la  se  kao  sta bil na  sor ta.
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